Interactions of fibrinogen with dextran sulfate, dextran, and carboxymethyl cellulose were investigated by turbidity measurement, chemical analysis, and electrophoresis. Dextran sulfate and fibrinogen combined even in the physiological pH region where both of them have negative net charges, and formed a precipitate and soluble complex. Since no complex formation was observed in the case of dextran, it seems that the electrostatic force plays a part in complex formation. However, sodium carboxymethyl cellulose which carries --C O 0 -groups did not combine with fibrinogen. Therefore, it is considered that there is a specificity for the interaction among ionized groups. Further, temperature and molecular size of dextran sulfate influenced the interaction to a large extent. It is concluded from these facts that other intermolecular binding forces should be taken into consideration in addition to the electrostatic force.
the pharmacological point of view, it is notable that the precipitate resulting from combination of sulfuric esters with plasma fibrinogen under physiological condition is responsible for the toxicity of sulfuric acid esters which are used clinically as blood anticoagulants, as several workers (7) (8) (9) (10) (11) have proved.
In the work here presented, the interaction between plasma fibrinogen and dextran sulfate at physiological pH values has been investigated by such methods as turbidity measurement, chemical analysis, and electrophoresis. Interactions of fibrinogen with dextran and with sodium carboxymethyl cellulose were also studied for comparative purposes.
E X P E R I M E N T A L

Materials z. Dextran and Dextran Sulfate (DS)
Pure samples of dextran 1 of varying molecular weight were esterified with pyridine and chlorosulfonic acid according to the methods of Gr6nwall (12) and Ricketts (13) . The dextran sulfate was isolated as the sodium salt and purified. The sodium salt of dextran sulfate thus obtained was almost free from nitrogen and consisted of only one component electrophoretically. The molecular weight of dextran and dextran sulfate was determined according to the osmotic pressure method by Professor Inoue of Aichi-Gakugei University. Sulfur content was determined by the method of Egami and Takahashi (14) . 2 
Sodium Carboxymethyl Cellulose (SCMC)
Sodium carboxymethyl cellulose (Hercules Powder Co.) was boiled three times in 95 per cent methanol to remove the salts which might be contained in it, and then used for experiment. The molecular weight of this compound determined by osmotic pressure measurement was 70,000 and the degree of substitution 0.77.
3" Human Fibrinogen
Two preparations of human plasma fibrinogen were used in this report.
F-I : Freeze-dried sample of fraction I, 3 prepared by the method of Cohn et al. (15) , was used as a material for turbidity measurement. The coagulability of this preparation was determined according to the method of Ferry and Morrison (16) ; the ratio of coagulable protein to total protein was 60 per cent.
F-II: Starting from F-I, purification was carried out according to the method of Laki (17) . The final precipitate was dissolved in the buffer which was to be used in the experiment, dialyzed for 3 days against this buffer at 0°C., and then used immediately. The coagulability of this preparation was 90 per cent. It consisted of only one component electrophoretically.
x W e are indebted to Mr. E. Morii of Meito-Sangyo Co. for this material.
Dextran sulfate was hydrolyzed with concentrated hydrochloric acid, neutralized, and the sulfate was precipitated as b a r i u m sulfate; then the excess of b a r i u m was precipitated as b a r i u m chromate. Finally the excess of chromate was determined photometrically at 375 m # in alkaline solution. s We are indebted to Messrs. R. Naito and K. Ikugaki of the J a p a n Blood Bank for this material.
Methods z. Turbidity Measurement
To a certain quantity of fibrinogen solution was added an equal quantity of dextran sulfate solution. The tube was gently inverted and allowed to stand for 60 minutes. The optical density of the cloudy suspension was then determined with a Beckman spectrophotometer at 650 m#, against the blank prepared with fibrinogen-buffer mixture.
At 20°C., the maximum densitywas attained in as little as 3 minutes with dextran sulfate of molecular weight 32,000 and in not more than 30 minutes when the weight was 8,600, after which time it remained constant. It is due to the above facts that the optical density was determined 60 minutes after mixing. Though a deposit was present after 60 minutes, reconstitution of the suspension by shaking gave the original optical density.
Chemical Analysis
Fibrinogen was determined according to Kjeldahl's micromethod after digestion of the sample in sulfuric acid containing HgO + K2SO4.
3" Electrophoresis
If the mixture of fibrinogen and polyelectrolyte remained clear, this mixture was directly subjected to electrophoreis. If the mixture formed a precipitate, aliquots of the supernatant solution obtained by centrifugation were taken for electrophoresis. This was carried out in a Tiselius apparatus (Hitachi Ltd.) after the dialysis of the sample at 3°C. for 24 hours against the buffer.
As there were some cases in which the descending patterns could not be photographed because of the precipitate formation, the values of mobility were always determined by the ascending patterns. The formation of soluble complex was recognized from the appearance of a new boundary with a mobility intermediate between those characteristic of the protein and the polyelectrolyte.
R E S U L T S
I. Results of Turbidity Measurement and Chemical Analysis
Quantitative studies of the effect of the following factors on the precipitation of human fibrinogen by dextran sulfate were performed: (1) DS/fibrinogen weight concentration ratio, (2) pH, (3) temperature, (4) salt concentration, and (5) degree of esterification and molecular weight of dextran sulfate.
DS/Fibrinogen Weight Concentration Ratio
The influence of varying concentration of dextran sulfate on the precipitation of a given amount of fibrinogen was studied at three different fibrinogen concentrations in 0.066 M phosphate buffer of p H 7.0 at room temperature. The mixtures were allowed to stand for 60 minutes, centrifuged, and the supernatant solutions were taken for nitrogen determination. The amount of fibrinogen precipitated was obtained by difference.
In Fig. 1 , the percentage of fibrinogen precipitated is plotted against the DS/fibrinogen weight ratio. With increasing amounts of dextran sulfate added, the percentage of precipitated fibrinogen increased to a maximum,
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(.) where 55 per cent of fibrinogen was precipitated, and further addition of dextran sulfate increased the solubility of the precipitate initially formed.
The three curves obtained from different fibrinogen concentrations were closely superimposed; i.e., the precipitation was governed by DS/fibrinogen weight ratio, and not by absolute concentration.
pH
The effect of pH on the precipitation of fibrinogen by dextran sulfate was determined at 20°C. in 0.066 M phosphate buffers of different pH values at various DS/fibrinogen ratios. The precipitation became progressively more inhibited at higher pH values, but the DS/fibrinogen ratio corresponding to the maximum precipitation remained unchanged ( 
Temperature Three tubes containing cloudy suspensions of different
DS/fibrinogen ratio respectively were placed in a constant temperature water bath for 10 minutes, and the turbidity was measured. Then the tubes were transferred into another water bath at higher temperature, kept for 10 minutes, and the turbidity again read. In this way, the turbidity was determined at 5, 15, 30, and 44°C. As shown in Fig. 3 , the precipitates were dispersed on raising the temperature. This effect was enhanced by increasing the DS/fibrinogen ratio.
Salt Concentration
The effect of varying the amount of NaCI added to a turbid mixture of dextran sulfate and fibrinogen is shown in Fig. 4 . The precipitate began to dissolve at a salt concentration of 0.03 M, and vanished entirely at 0.45 M.
Degree of Esterification and Molecular Weight of Dextran Sulfate
When the molecular weight of dextran sulfate was kept constant and the degree of esterification was varied, 4 the results presented in Fig. 5 were obtained. Conversely, the variation of the molecular weight of dextran sulfate with approximately similar sulfur contents (13.3 to 15.9 per cent) gave the data shown in Fig. 6. 5 07t._. ~ As shown in Figs. 5 and 6, both the degree of esterification and the molecular weight of dextran sulfate influenced the precipitation of fibrinogen. Increase in the degree of esterification of dextran sulfate decreased the D S / fibrinogen weight ratio corresponding to the maximum precipitation; i.e., the curve was shifted toward lower DS/fibrinogen ratios. On the other hand, increase in the molecular weight of dextran sulfate increased the percentage of fibrinogen precipitated, while the DS/fibrinogen ratio corresponding to the maximum precipitation remained unchanged. 4 The variations of degree of esterification were accomplished by varying the time of sulfation.
In this figure, precipitation of F-II is compared with that of F-I. There is observed a difference between the DS/fibrinogen ratio corresponding to the maximum precipitation of F-I and that of F-II; the one is 0.055 and the other 0.080. However, converting the value of purity of F-I (60 per cent) into that of F-II (90 per cent), the ratio of DS/F-I is approximately 0.08 and is in good agreement with that of DS/F-II. It is considered from this fact that the results obtained with F-I may be interpreted without regard to its impurity. It is also to be seen from this figure that purified fibrinogen is more easily precipitated than the crude. 
H. Results o[ Electrophoresis (A) DEXTRAN SULFATE--FIBRINOGEN
Two samples of dextran sulfate of different molecular weight were chosen; the one, DS-I (molecular weight 32,000; S, 15.0 per cent), and the other, DS-II (molecular weight 6,300; S, 17.4 per cent). Table I lists the results obtained with DS-I in phosphate buffer of pH 7.0 and ionic strength 0.1 at 3°C. Slow patterns were similar to that of fibrinogen this result, it is concluded that they did not combine with each other. Similar results were obtained at pH 7.7.
T A B L E I E L E C T R O P H O R E S I S O F M I X T U R E O F D S -I ( M O L E C U L A R W E I G H T , 32,000) A N D F -I I
C) DEXTRAN--FIBRINOGEN
Varying amounts of two samples of dextran (molecular weight, 70,000 and 190,000) were added to a given amount of fibrinogen, and no precipitation occurred in any case. The solutions were examined electrophoretically in phosphate buffer of pH 7.0 and ionic strength 0. l, at 3°C. There were always two patterns observed. The mobilities of the two patterns coincided with those of pure fibrinogen and of dextran, and the areas were equal to those of fibrinogen and of dextran at the same concentration. Thus dextran and fibrinogen remained free without forming a complex.
D I S C U S S I O N AND C O N C L U S I O N
The results obtained from the experiments which have been described are as follows :--1. Dextran which forms neither a precipitate nor a soluble complex with fibrinogen does form a complex with fibrinogen w h e n -S O 3 -groups are introduced.
2. Fibrinogen precipitation by dextran sulfate is governed by DS/fibrinogen weight ratio and not by absolute concentration.
3. Increase in the degree of esterification of dextran sulfate decreases the DS/fibrinogen weight ratio which corresponds to the maximum precipitation. In addition, although the molecular weight of dextran sulfate changes, the ratio remains unchanged provided that the density of ionizable groups in dextran sulfate is constant.
4. The precipitation of fibrinogen by dextran sulfate becomes progressively more inhibited at higher pH values.
5. The precipitation of fibrinogen by dextran sulfate declines as the salt concentration increases. This may be due to the neutralization of ionizable groups in dextran sulfate by counterions in the mixture. 6 6. When the degree of esterification of dextran sulfate remains constant, the percentage of fibrinogen precipitated increases with increasing molecular weight of dextran sulfate.
7. The precipitation is influenced to a large extent by temperature; the precipitates are redissolved by raising the temperature. dextran sulfate with -SO3-groups does. Therefore, it seems that the nature of the ionized groups in polyelectrolytes affects strongly their ability to bind protein.
Interactions of proteins with other molecules have been considered to be due to (a) ion-ion interaction, (b) ion-dipole and dipole-dipole interaction, and (c) the dispersion force or van der Waals force (18) .
From the results (1) to (5), it seems that the ion-ion interaction (electrostatic force) plays a part in the combination of fibrinogen with dextran sulfate. However, the results (6) to (8) are not explained satisfactorily by the electrostatic forces alone. The fact that the temperature influences the interaction to a large extent suggests that the force binding fibrinogen to dextran sulfate is not strong, but weak--a secondary bond. In addition, from the fact that the interaction is influenced by the molecular size of the polyelectrolyte, it is considered that the "whole molecule" has an important role in complex formation, as Walton (6) has pointed out.
Since the dextrans of molecular weight 70,000 and 190,000 used in the experiment did not combine with fibrinogen although they have strong dipolar groups such as -O H , it would seem that ion-dipole, dipole-dipole interactions, and van der Waals force could not play a leading role in the combination of fibrinogen with dextran sulfates of chain lengths similar to those of the above dextrans. For this reason, another binding force, such as a hydrogen bond, might be taken into consideration. It has been reported that t h e -S O 8 -g r o u p has a stronger tendency than a -C O O -group to form a hydrogen bond with an amino group (19) . If this is the case, the specificity which is seen among the ionizable groups for interaction (result 8) will be explained. Further, hydrogen bonding is not contradictory to the increase in solubility of precipitates with temperature and to the increase in binding ability with molecular size of dextran sulfate. However, the existence of hydrogen bonds between fibrinogen and dextran sulfate has not been confirmed experimentally, and we cannot draw a conclusion about the mechanism of complex formation from the above results.
Further, the present studies include several unsolved problems, e.g., the reasons why maximum precipitation takes place at a certain DS/fibrinogen ratio and why the soluble complex is formed in the region of DS excess remain unknown. In order to clarify these problems, the quantitative determinations of dextran sulfate and fibrinogen in the supernatant and precipitate are in progress.
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